In present study efforts have been made to develop a mathematical model for a set of 18 1-[(2-hydroxyethoxy)-methyl]-6-(phenylthio)thymine (HEPT) Derivatives. The biological activity modeled in present investigation is cytotoxic concentration (log 1/C). To investigate the cytotoxic behavior of HEPT derivatives, classical and non-conventional physicochemical properties are tested separately. On the basis of the results obtained we model the compound having maximum predictive potential.
Introduction
Quantitative structure -activity relationship and quantitative property-activity relationship (QSAR/QPAR) studies are unquestionably of great importance in modern chemistry and biochemistry. The concept of quantitative structure -activity relationship and quantitative structure -property relationship (QSAR/QSPR) is to mutate searches for compounds with desired properties using chemical intuitions and experiences into quantified and computerized form. Once a correlation between structure and activity/ property is found, any number of compounds, including those not yet synthesized, can be easily screened on computer in sequence to select structures with the desired potential and properties. Thus, the quantitative structureactivity relationships and quantitative property-activity relationship approach accelerates the process of development for new molecules. 1 Quantitative structure activity (QSAR) represents an attempt to correlate structural or molecular descriptors of compound with activities. These physicochemical descriptors, which include parameters to accounts for hydrophobicity, topology, electronic parameters and steric effects, are determined empirically or more recently by computational methods. Quantitative structure activity relationship (QSAR) is currently being applied in many disciplines, with many pertaining to drug design and environmental risk assessments. 2 In the recent past there was considerable interest in the set-up of quantitative structureactivity relationships (QSAR) of HEPT derivatives. [3] [4] [5] [6] [7] [8] [9] [10] These HEPT derivatives belongs to the class of NNRTIs (Non-nucleotide reverse transcriptase inhibitors) which inhibits the HIV-1 reverse transcriptase, one of the most attractive target for drug therapy. This enzyme (HIV-1 RT) is essential for HIV replication and it is not binding for normal host cell replication. HIV-1 reverse transcriptase copies the RNA genome into DNA for HIV. The NNRTIs shows the specific inhibition against the HIV-1 with low cytotoxicity and few, side effects. [11] [12] [13] [14] In continuation of our earlier studies [15] [16] [17] [18] [19] [20] [21] [22] [23] and inspired by the recent work [24] [25] [26] [27] [28] [29] We have undertaken the present study in that we have made QSAR analysis on the Cytotoxic concentration of HEPT derivatives using a set of molecular descriptors consisting of some molecular descriptors along with the indicator parameters. We have used earlier data 30 for this purpose. The classical physicochemical descriptors used being molar refractivity (MR), molar volume (MV), parachor (Pc), refractive index (η), surface tension (ST), density (D) and polarizability (α) in addition to non-conventional parameters approximate surface area (ASA), surface area grid (SAG) and HE (hydration energy). For the QSAR modeling we have used maximum R 2 method 31 and followed the stepwise regression analysis model using molecular modeling. 
Results and Discussion
HEPT derivatives along with their biological activity are presented in Table 1 . The classical physicochemical parameters are shown in Table 2 while non-conventional physicochemical parameters along with the indicator parameters are recorded in Table 3 . The inter correlation of classical and non-conventional physicochemical parameters are presented in Tables 4 and 5 respectively in the form of correlation matrix. From the perusal of Table 4 All the three equations show the significant role of classical physicochemical parameters in the modeling of log 1/C. Comparison of above three equations exhibits the dominance of MR over the MV and Pc, but all three parameters demonstrate the positive effect in the enhancement of biological activity 1/ log C. Eq. (4) exhibits the enhancement in the numerical value of cytotoxic concentration with the increase in the hydration energy. After the comparison between earlier three equations and the 4 th one, we found that classical physicochemical parameters correlate well with the activity. The comparison also exhibits the dominance of molar refraction over the other classical physicochemical parameters and non-conventional physicochemical parameters. At this stage it is worthwhile to comment on the molar refraction (MR). Since it is a combined parameter it is in essence an adjustable molecular volume and thus it equals the molar polarizability. Since molar refraction (MR) to a large extent is a measure of volume, and is also expressed in terms of the refractive index and density, it may measure the contribution due to size and shape of organic compounds acting as drugs.
For the further investigation of the effect of structural and chemical behavior on the cytotoxic concentrations of these HEPT derivatives we tested the bi-and tri-parametric combinations. In the bi-parametric correlation the results are encouraging and the good correlation coefficient is shown by the combination of MR and indicator parameter I OH, model obtained from above combination is shown below: The above model also exhibits the same role of HE in modeling log 1/C as eq. (4), this model also demonstrate the enhancement in the numerical value of log 1/C with the presence of cyclic structure on the terminal of the chain present at the Z position in HEPT derivatives.
Comparison of both eq. (5) and (6) shows that, the magnitude of HE in the combinations is higher, for modeling of log 1/C. In case of indicator parameters I TC shows the higher magnitude than the I OH .
In case of a trivariate correlation, the results are encouraging and significant statistics are obtained from various combinations, but the best correlation is given by the combination of nonconventional physicochemical parameter HE, indicator parameters I TC Eq. (7) also confirms our previous results. This also exhibits the positive role of substitution at 2 nd position in the increase of numerical value of cytotoxicity of HEPT derivatives while the similar effect is also demonstrate by the presence of cyclic structure at the terminal of the chain at the Z position. The study of the magnitude of both I 2 and I TC expresses the dominance of the presence of the cyclic structure (I TC ) over the substitution at the 2 nd position (I 2 ). In order to confirm our finding we have estimated the log 1/C values from the best suited model and compared them with the observed values. Both the observed and calculated biological activities are presented in Table 6 , and such a correlation is presented graphically in Figure 2 . Based on the magnitude of residue we have selected compounds 1, 4, 8, 10, and 11 for further molecular modeling. This we have done to find out which HEPT derivative has the highest correlative and predictive potential. We have, therefore, attempted molecular modeling using Hyperchem7 software 32 applying the MM+ force field. The molecular modeling is demonstrated in Figures 3 to 7 , respectively, for compounds 1, 4, 8, 10, and 11. The corresponding molecular modeling parameters are given in Table 7 . In order to resolve our problem of selecting out the HEPT derivative with the best correlation potential; we have carried out further regression analysis using each of the molecular modeling parameters from Table 7 .
The results of regression analysis are shown in Table 8 . The model with the best correlation is shown below. Using this model (Eq. 8) we have calculated and compared the log1/C values and observed that the residue is the least for the derivative containing R-H, Y-Me, X-O, Z-CH 2 OCH 2 CH 2 OMe. This is, therefore, the potential HEPT derivative for modeling the cytotoxicity of HEPT derivatives. 
Conclusions
From the results and discussion made above we conclude that the non-conventional physicochemical parameters can be used successfully for modeling inhibition of NNRTs and that for the present set of HEPT derivatives hydration energy (HE) is find to be prominent. Also, that this parameter (HE) yields statistically significant models upon combination with other dame descriptors.
The results also indicate that combination of QSAR/QPAR and molecular (3D) modeling can be used for select the compound with potential activity.
Experimental Section
Activity. The biological activity cytotoxic concentration (log1/C) values of the HEPT derivatives were taken from the literature.
30
Physicochemical parameters. The Molar volume (MV), Parachor (Pc), Molar Refractivity (MR), Refractive Index (η), Surface Tension (ST), Density (D) and Polarizability (α), for the set of benzene sulfonamide were calculated from ACD Lab software 33 and the non-conventional physicochemical parameters Approximate Surface area (ASA), Surface area grid and Hydration Energies (HE) were calculated using Hyperchem7 demo-version. 32 Molecular modeling parameters were calculated by applying the MM+ force field (Molecular mechanics) using Hyperchem7 demo-version.
32
Indicator parameters. The indicator parameters are the dummy parameters sometimes used for accounting those structural features not covered in any molecular descriptor used. They assumed only two values 1 or 0. If the assumed structural feature is present; then the indicator parameters are 1 otherwise it is 0. The details of such parameters, used in the present study are given in the Result and Discussion section (Table 3 ) Statistical analysis. The maximum R 2 method together with stepwise regression 31 was carried out for arriving at statistically significant models. In the present study, linear mathematical models are developed to study quantitative structure/property-activity relationship (QSAR). Multiple linear regression analysis is used to develop these models. The predictive potentials of these models are discussed on the basis of quality factor (Q). 34, 35 
